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I. Research Objectives and Long Term Perspective of the Center 

Penn State’s Propulsion Engineering Research Center was established in 
August 1988 under a grant from NASA's University Space Engineering Research 
Centers (USERC) Program. The Center includes participation from the Colleges ot 
Engineering and Science at Penn State, and a cooperative program with Lincoln 
University. The Center's primary focus is to conduct research and educate students 
in the broad areas of space propulsion, but it also includes auxiliary efforts in gas 
turbine propulsion, internal combustion engines, and some topics in marine 
propulsion. There are currently fourteen faculty participating in the Center. In 
addition, some twenty-seven graduate students and sixteen undergraduate students 
are supported by the Center. The Center's research program is focussed around five 
concentrations: Combustion, Fluid Mechanics and Heat Transfer, Materia s 
Compatibility, Turbomachinery, and Advanced Propulsion Concepts^ Downstream 
plans include broadening the effort in turbomachinery and adding efforts on electric 
and nuclear propulsion. 


The objectives of the Propulsion Center are to provide a focussed research 
effort in space propulsion that will attract students to space engineering opportunities 
and will provide a continuing supply of graduates at all degree levels with interest and 
expertise in space propulsion. A parallel objective is to enhance participation in 
engineering by women and under-represented minorities. As space exploration and 
development mature, space activities will have a larger and larger impact on world 
economics. The United States needs to ensure an adequate supply of engineers and 
scientists with expertise in these areas if we are to compete in this emerging world 
market. The Center's goal is to provide graduates for this expanding field, as well as 
to provide research advances that will lead to improved technologies. 


The organizational structure of the center includes a Director , an external Policy 
Advisory Board, and an internal Faculty Advisory Board. The Director has 
responsibility for day-to-day operation of the Center and for ensunng that it works in an 
integrated fashion toward a common goal. The external Policy Advisory Board assists 
him in matters of policy and research emphasis, while the internal Faculty ” e '' l © w 
Board assists in decision-making. The Policy Advisory Board is composed of leaders 
from government, industry, and academia and is charged with guiding the long range 
development of the Center. The Policy Board has one formal and one informal 
meeting each year to evaluate Center progress, and to advise as to appropriate 
technical direction. The Faculty Review Board reviews internal proposals for research 
projects, including in their deliberations evaluations from members of the Policy 
Advisory Board. The Faculty Review Board is composed of senior faculty plus the 
Senior Vice-President for Research and Graduate Studies. 
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. .. -w^ e < res P 0 9 s '^'*'. es ‘ or directing individual research projects are deleaated to 
mdmdual faculty in a mix of three categories of research programs: Core Research 
Projects, Matching Funds Projects and Exploratory Projects. The first two of these 

&ThfnI°p mUl !l' year ’ resea : ch programs - Core Wte are funded bV^e Center- 
Matching Projects receive shared funds from the Center and outside agencies 

Exploratory projects are small, short-term efforts to establish feasibility of new ideas 
W< i?! n d0Se fashion with each oth * ra nd the Director to provide 
the sum of its p2ts° n 6nSUreS that the whole of the Center * s out P ut is mo ™ than 

In our first two years of operation, the Center has, indeed, had a major imoact 
on graduate student enrollment and has enabled us to start a small but highly P 

XofferNAqAT Gradu h ate st “ dent involvement in the CenteMs through 
cf thS ' ^0 offer NASA Traineeships which are funded through the Center itself 
and Research Assistantships which are funded through the individual projects that ’ 
.he Center Of the 3. graduate students currently supped Ke Center 
28 are U. S. citizens. Undergraduate involvement is fostered by^ a summer research’ 
hat 'f fo ^ sed on niinority students from both Lincoln University and Penn 
State University. This program included three minority students in our first year and is 
supporting five students this summer. We also have Penn State ^underaraduates 
myolvecJ at the Center during the school year. During the recently completed 

wSwngTn ^rcentef ' W ° 9radUala and under 9 radua ™n°rity audents 


II. Current Status and Operational Philosophy 

fnrn« i fid t a H ) fn? UtS ? t ° f ! Ii e Center - we deliberately chose a start-up philosophy that 
sed attention toward a narrow facet of space propulsion This allowed us to beain 
m an orderly fashion with a truly integrated "Center Concept while faying the 9 
foundation for later expansion into a more broadly based program. The 9 choice for our 
initial focus was liquid rocket propulsion systems. This choice was made because of 

Xrams o? the°United s££l in present and ,Uture space ‘asportation 

mffl^ a mnhtc U r e ^ S s ' and because rt wa s an area which had seen but little 
research emphasis in the previous ten or fifteen years. 

cnad dr”^ assure a common thread of continuity in our initial research projects we 
speciahzed even further in the first year by concentrating on combustion- related issues 

fssues C^m blj st^ ■ heat transfer and materia,s compatibility 

issues. Combustion and combustion devices represent an important subset of 7 

problems m liquid rocket propulsion, and, in addition, repre3an area 0 fstrenath at 

Penn State. At present this portion of the Center constitutes a fairly mature area 9 the 

projects are all well established and are providing significant research results 

Downstream projections for the combustion area are to maintain it at about the present 

evel augmenting in part the Center funds by auxiliary funds from other sources. 9 

i * n saconc ‘ y® ar . we initiated an effort in the turbomachinery aspects of liauid 
propulsion engines as a first major step in broadening the focus of the Center This 
second major thrust is just currently becoming established and is still growing in 
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scope. Additional efforts in turbomachinery-related areas are planned for the 
immediate future. 

In addition to this major emphasis on liquid rocket propulsion we have also 

pr0 V ^'Z TjpK AFAL There are also auxiliary efforts on microwave propulsion 
an^advartced electric concepts. We expect additional growth in these non-chemical 
propulsion programs in the coming years. 

An important part of our Center is the development and use of a major new 
cryogenic laboratory P with ultimate capability for liquid oxygen and liquid hydrin ^or 
lilJiid hydrocarbon propellants. Detail design and construction of this laboratory was 
ham in efhortlv after Center start-up and our first hot firing was made with gaseous 

kh^n^V^nivw^ties. 1 1fmilaT' syste^ ^een^hballed or 

the propellant capabilities to cryogenic liquids is continuing, with a t g 
demonstrating LOX capability in calendar year 1990. The Cryogenic L ® b ? r ® t °jy , 
anahioc ue: tn do small scale tests (generally with uni-element injectors) with actual 
9 P extent u n derma"n e dh!onl The laboratory also enables us to give students 
experience in handling the cryogenic fluids that are generally used in space 
propulsiorf apptamions. The construction ot this laboratory would have been totally 

impossible without the Center. 

In all the areas described above, there is an integrated treatment of 
experimental and analytical efforts with close interaction among both faculty and 
students. This interaction is facilitated by the co-location °f a» facuKy _and ^^ dent ® 
the Center and through the shared use of the new Cryogenic Laboratory which is just 
Wng bm^ht onTn^ The Cryogenic Laboratory is to be used tor both combust, on 
and materials testing by several Center projects. 

In January of 1989, the Center became the the 

constructed Research Building . The space onginally allc^ted to the Center was t he 
first floor of this building, but as the Center became established it first exf^ai^eKi to 
include one quarter of the second floor, and is now occupying the recency < completed 
basement floor bringing our total assigned area to abo f a T 

building offers excellent laboratory space with adjacent offices and ' P^v'des ® 
common working area for Center personnel. At present, the Research Building 
houses 12 faculty members, 11 staff and approximately 50 graduate students along 
SSh ^llaborSs The Center is also assigned 1 ,000 square feet of space in the 
High Pressure Laboratory for our Cryogenic Combustion ^ 

precautions prevent housing this facility in the mam Center location. 

In addition to research and student support, the Canta ^ 
on our instruction program. Penn State already had a 

propulsion when the Center began, but in conjun^ion w.th ^ ® anned 

developed two new graduate offerings in propulsion and a third is tentatively piannea 
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for the 1990-91 academic year. The course instructors are Prof. Micci of AerosDace 
Engineering and Profs. Vang and Carpino of Mechanical Engineering. P 


III. Brief Description of Center Projects 

Farh J^ pr °j ects J u PP° rted in the Center are divided into five concentrated areas 

in IS ou,lined b u rief| y below ' More detail on the individual projects is given 

in the following papers in this volume. y 

Concentration : The combustion concentration was the first area 

exnft b r m«nlf ann e a ma l n f th ,® 'f r9est ’ Research thrusts in combustion include both 
expermental and analytical efforts and extend rather broadly across several 

?S,Q«nn a nh?‘ MuCh O c h0 e , ffort is directed towards the understanding of spray 
hrI^t USt ° n ph ® nomena - Specific experimental research includes studies of liquid jet 

Sn K c P w nd at0 T ,zatl0n under both dense and dilute spray conditions. Non- 
obtrusive diagnostic procedures include optical techniques in the dilute spray regions 

! h ® d 1" Se "**>"* Particular optical diagnoS 
U | de - aS f r d ° bpler ve| ocimetry, phase doppler particle anemometry, 
velocimet . r y- advanced flame imaging techniques and planar laser- 
ray radiography 06006 ' " non * op,,cal diagnostics we are focusing on high intensity x- 

^ her aspects °! spra y combustion phenomena being studied include 
bu^nfn^i^Wian 0 drop et ; turbu,er ]ce interactions and fundamental studies of the 
° slurry ,uel droplets - These experimental studies are 
I? d b L SUpportm£ ! ,heoretical research in multicomponent droplet 
vaporization in the supercritical and near-supercritical regimes as well as theoretical 
and numerical analyses of combustion instability phenomena ^oret.cal 

rrvnnoni^F^iV 001 ^ th £ combu stion area is upon the construction of a major new 
hffi^n n r - u h i Ch w, i enable experimental studies of the combustion of 
hydrogen or liquid hydrocarbon fuels with cryogenic liquid oxygen. This facility 

rocket^nnfneQ h Th nvaluab !® t001 tor studying the combustion processes in liquid 
. 9 es - The initial phase of this project was completed in calendar year 1989 

and we are presently conducting initial tests with gaseous oxygen The erogenic 

(liquid) capability is expected to be completed in 1990. me cryogenic 

t^ nl^ h n a ^^ a ^ heat Transfer Concentration- The fluid mechanics and heat 
braad* n ,S direCt , 0d towards experimental and computational studies of a 
c^nHnZrn 90 ° propu si ° n a PP llcatl °ns. In the area of space propulsion, we are 

no 7 ?ift^n?in Xp0nm0nta surveys of the boundar y la yers in low Reynolds number 
sm 9 0 . m ‘ ss ! on spectroscopy. These efforts are complemented by 

nMnrtl f ! uldd y nam,c ( CFD ) studies of viscous supersonic flows aswell as by 
Ad<?t?nna f | tu . rbulen . t ca^dustion modeling in the subsonic region of the combustor. * 
h rt d w° na S ud,es ,nc * ude the investigation of the stability characteristics of nozzle wall 
att0mpt t0 id0 "% methods for controlling transition to “rbutence in 
ow Reynolds number nozzles for the purpose of controlling heat transfer and 
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performance losses. These CFD analyses are also being used tor design trade-off 
studies between radiative and regenerative cooling. 

whteh ,hese ,i,ms pertorm 

in a combustor environment. 

fmplemSntSidJi TaTana^ for predicting the 3 

a*s:sr^s=sa3»; S 

emphasizes the design and implementation of advanced dos^toop a^onthmswr 
controlling the bearing. An advanced non-linear algorithm ' b 9 J 

control the dynamics of the magnetic bearing under simulated rockel i engine 
turbopump conditions. An additional turbomachinery projed is planned in the area o 
the hydrodynamic design of cryogenic pumps for liquid rocket engines. 

Advanc ed Pmnukinn Concepts: The fifth and final research concentration in the 

Center is on advanced space propulsion concepts and mclu ^ es J® sea ^ C Q 'u,sion P 
annihilation DroDulsion microwave propulsion and advanced electnc propulsion 
incepts ' The ^ant^oton work includes studies of the feasibility of using ant.proton- 
induced fission fragments to ignite DT pellets for eventual propulsion by inertia 
Semltlsiom Efforts in microwave and advanced elect™ M>™pu£on include a 
vacuum facility for simulated altitude testing and a microwave-plasma facility tor 
propulsion research. 
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